The unc operon of Escherichia coli consists of eight genes coding for the eight subunits of the proton-translocating ATPase. In vitro transcription-translation of DNA cloned from the beginning of the operon onto plasmids reveals that the reading frame uncI, which precedes the other genes of the operon, codes for a protein with a molecular weight of 14,500, called i. In minicells, the i protein is synthesized in amounts comparable to the amounts of the ATPase subunits, suggesting that it may be part of the ATPase complex. The presence of the unc promoter and uncl on a plasmid containing the other eight genes of the unc operon has little effect on the differential expression of the unc genes or the partitioning of the newly synthesized subunits into soluble or sedimentable fractions in the in vitro system. The i protein partitions into the sedimentable fraction.
The unc operon contains the genes which code for the eight known subunits of the protontranslocating ATPase of Escherichia coli. Although the gene order and gene-polypeptide relationships have been determined for those eight genes (5, 6, 8-10, 13, 15-17, 19, 23, 25) , analysis of the DNA sequence of the unc operon revealed the possible existence of a ninth gene. An open reading frame, formerly called gene 1, was discovered to exist before uncB, the first known gene of the operon (9) . This reading frame could code for a hydrophobic protein of molecular weight 14, 200 . Although we and others have cloned the eight genes for the structural proteins (7, 10) onto amplifiable plasmids, none of these plasmids has contained the unc promoter or this open reading frame. The accompanying paper (21) , in which the location of the unc promoter is described, demonstrates that this reading frame is indeed part of the unc operon, in agreement with other published data (16) . We therefore refer to it as uncL.
In this paper we report the cloning of both the promoter and uncl, the construction of a plasmid containing the entire unc operon, the expression of uncl in vitro and in minicells, the identification and properties of i, the protein for which it codes, and the effect of the promoter and uncl on the expression of the other cloned genes and the biogenesis of the ATPase polypep- 
MATERIALS AND METHODS
[35S]methionine (translation grade; 1,000 Ci/mmol) was purchased from either New England Nuclear Corp., Boston, Mass., or Amersham Corp., Arlington Heights, Ill.
In vitro protein synthesis. DNA-dependent protein synthesis was conducted by using an in vitro transcription-translation system, the Zubay S-30, which has been described previously (11) . Reactions were conducted in a final volume of 25 p.l containing 5 ,uCi of [35S]methionine and 2 to 5 pLg of plasmid DNA. All in vitro incubations were for 30 min. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and autoradiography were performed as described elsewhere (1).
Minicell synthesi of proteins. The isolation of minicells and the synthesis of plasmid-encoded polypeptides by minicells were performed by using the E. coli minicell-producing strain DS410 (4) and the methods of Roozen et al. (22) . The minicell-producing strain, containing plasmids, was grown in Luria broth with 0.2% glucose containing 25 pg of chloramphenicol per ml. Cultures were grown at 37°C to an optical density at 600 nm of 2.0. Cells and minicells were sedimented by centrifugation at 10,000 x g in a Sorvall GSA rotor for 10 min. This and all subsequent steps were done at 4°C. The cell pellet from 1 liter of culture was suspended in 30 ml of 50 mM Tris-hydrochloride-10 mM MgSO4 (pH 7.5) by vigorous mixing for 2 min. Cells were separated from minicells by differential centrifugation. The cell-minicell mixture was centrifuged at 3,000 x g for 1 min in a Sorvall SS-34 rotor. The minicell-enriched supematant fraction was removed and centrifuged at 3,000 x g for an additional minute. The supernatant fraction was removed, and minicells were sedimented by centrifugation at 12,000 x g for 15 min. The minicells were resuspended in the same buffer, and the centrifugations were repeated.
BRUSILOW, PORTER, AND SIMONI
The minicell pellet was suspended in 1 ml of BSGE (5 mM KPi [pH 7.8] , 150 mM NaCl, 0.1 mM EDTA, 100 ,ug of gelatin [J. T. Baker Chemical Co., Phillipsburg, N. J.] per ml) per initial liter of culture. Samples (0.5 ml) of the resuspended material were layered over 10 ml of 5 to 30%o linear sucrose gradients. After centrifugation at 3,000 x g for 7 min, the minicell band was removed, and the purified minicells were centrifuged at 12,000 x g for 15 min. They were washed once in BSGE and resuspended in 2 ml of BSGE per initial liter of culture, and the optical density at 600 nm was determined (an optical density at 600 nm of 1 equals 1010 minicells per ml).
Protein synthesis by minicells was carried out in 50 mM KPi (pH 7.2) containing 2 g of (NH4)2SO4 and 1 g of sodium citrate per liter and supplemented with trace metals, 0.001 mM thiamine-hydrochloride, 0.2 mM ribonucleosides, 0.4% glucose, and 1 mM individual amino acids except methionine (minicell medium). Minicells (5 x 108) were centrifuged for 10 min and washed two times in minicell medium. They were then resuspended in 50 ,ul of minicell medium and preincubated at 37°C for 15 min.
[35S]methionine (20 FCi) was added, and minicells were incubated at 37°C for an additional 20 min. Labeled minicells were centrifuged, suspended in gel sample buffer, and subjected to sodium dodecyl sulfate-gel electrophoresis followed by autoradiography as described previously (1) .
Quantitation of rates of synthesis of ATPase subunits in vitro or in minicells. The relative amounts of ATPase subunits synthesized in vitro or in minicells were measured as described previously (2) . The autoradiograms of the labeled proteins were scanned with a
densitometer, the peak areas were measured, and, since [35S]methionine was the isotope used to label the proteins, those areas were normalized to the number of methionine residues in each polypeptide, as determined from the DNA sequence. Different exposures were used to quantitate synthesis, and the relative numbers presented are those which do not change with 24-h increases or decreases in exposure time.
Restriction endonuclease digestion, purification of DNA fragments, ligatons, transformations, and plasmid constructions. Standard procedures for preparing and handling recombinant DNA were performed as described previously (11, 21) . Plasmid pRPG54, consisting of 9 kilobases (kb) of E. coli DNA cloned from X asn5 into the vector pACYC184, has been described previously (10) . This plasmid contains the eight genes for the structural subunits of the ATPase. The other plasmids were constructed as follows. For pAP55, a 1.5-kb HindIII fragment was purified from a partial HindIII digest of pAPl and cloned into the HindIII site at the start of the unc insert in pRPG54 to yield the 14.3-kb plasmid pAP55. For pAPl, a 3.75-kb BamHI fragment was cloned from X asnS into pBR322 to give the 8-kb plasmid pAP1 (21) . For pWSB10, pRPG54 was cut with PstI and religated to give the 6.7-kb plasmid pWSB10, which is missing all of the unc operon after the PstI site indicated in Fig. 1 . For pWSB17, a 1.3-kb HindIlI fragment from pAP1 was cloned into the unique HindIII site of pWSB10 to yield the 8.0-kb plasmid pWSB17. For pWSB18, a 1.5-kb HindIlI fragment was purified from a partial HindlIl digest of pAP1 and cloned into the unique HindIII site of pWSB10 to yield the 8.2-kb plasmid pWSB18. 
RESULTS
The plasmids used to demonstrate the uncI product are shown in Fig. 1 . As can be seen, the products of in vitro protein synthesis directed by plasmids containing the uncl region, pAP1, pAP55, and pWSB18, all include a polypeptide with a molecular weight of 14,500. The size of the uncI protein predicted from the DNA sequence is 14,200 (9) , in good agreement with the experimental result. Plasmids missing DNA for uncl did not code for this polypeptide. Most important, when one 200-base pair region from within uncI was deleted from pWSB18, the resulting plasmid, pWSB17, did not code for the synthesis of this polypeptide. Therefore, uncl does indeed code for a polypeptide of the predicted size when used as a template for in vitro protein synthesis. We call this polypeptide i.
There is another gene near the start of the unc operon which codes for a protein with a molecular weight of 26,000 (Fig. 1, lanes 55, 1, 17 , and 18). The reading frame for this protein is located entirely on the 1.3-kb HindIII fragment shown in Fig. 1 , in agreement with data published earlier (12) . The function of this gene or its relationship to the unc operon is not known. We assume that it is not part of the operon, however, since it is not included within the transcriptional unit (21 Fig. 2 , and Fig. 3 shows the results of measuring the relative amounts of ATPase polypeptides synthesized in those minicells. These measurements demonstrated that the i polypeptide was synthesized in amounts comparable to the amounts of the a, y, and p subunits when synthesized in minicells, suggesting that the i polypeptide could indeed be part of the ATPase complex. To determine the relative amount of i synthesized by the procedure described above, a value of three methionines was used. If, as is the case with the -y, 1, and e polypeptides, the N-terminal methionine is removed (25) , then i would only have two methionine residues, and the relative amount of this polypeptide shown in Fig. 3 would increase by 50%.
Our previous experiments on the stoichiometry of synthesis of the ATPase polypeptides in vitro and in vivo measured synthesis directed by pRPG54. Since this plasmid is missing the promoter and the first gene of the operon, it was possible that the differential synthesis we were measuring was artifactual. The results presented in Fig. 3 comparing synthesis in minicells carrying pRPG54 or pAP55 indicate that the differen-CLONING AND EXPRESSION OF uncl 1267 tial synthesis was the same regardless of whether or not uncI and the true unc promoter were present.
When the membrane fraction was isolated after in vitro synthesis, we found that the i polypeptide was membrane bound (Fig. 4) . This was also true when the synthesis reactions were conducted with an S-30 extract prepared from a strain with a deletion covering uncB through uncD, eliminating the possibility that the i polypeptide was bound to preexisting a, c, b, 8, a, Fig. 2 (Fig. 4) . We do indeed find i only in the membrane fraction of our in vitro proteinsynthesizing system, but its role in assembly, if any, is still not clear.
A small region of the E. coli chromosome near the beginning of the unc operon has been found to affect the copy number of plasmids containing this region and the E. coli origin of DNA replication (oriC) (20, 26) . This region, called cop, includes the unc promoter, at least part of uncI, and perhaps the genes for the Fo subunits of the ATPase. In addition, the intact cop region can only be cloned into a non-oriC plasmid which exists in a copy number of less than 20 to 25 (26) . It is not known whether the cop effect is a specific effect of certain unc genes or polypeptides on DNA replication or an indirect consequence of overproduction of Fo subunits. It has been speculated that a region of DNA containing the unc promoter and the first few genes could not be cloned into a high-copy-number plasmid because a region including cop, the promoter, and the first three to five genes of the unc operon was thought to be lethal in high copy number (14, 26) . The construction of pAP55, therefore, may contradict this hypothesis. Alternatively, such a construction may have been possible because of the presence of all the unc genes on the same plasmid. We have shown that the Fo subunits insert in the membrane in the absence of F1 subunits but do not assemble into a functional proton channel unless the a and the subunits are present (18 (10) and pAP55. The function of the uncl product i and its relationship to cop, if any, remain to be determined.
